The aim of this study is to evaluate the maximum and minimum distances between the model and the cast crown of three techniques using Scanning Electron Microscopy (SEM). Three technique groups were used for this study: group A (control), traditional manual wax patterns; group B, dipping wax patterns; group C, resin patterns made with CAD/CAM. For each group, 10 samples were made using the same model, and then metal cast. Marginal accuracies of the samples were evaluated by performing gap measurements using SEM with a magnification of 1200× (minimum distance). The data were statistically analyzed using the one-way analysis of variance ( 
Introduction
Clinical dentistry has used different types of prostheses for the rehabilitation or replacement of dental organs.
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Proper sealing and marginal fit of prosthesis provide successful long-term treatment, avoiding complications such as retention of plaque, periodontal injury or recurrent caries [1] - [3] . The marginal seal of a metal cast restoration is thus clinical interest.
It is known that there are two wax pattern fabrication methods widely used. One is manual waxing, and the other is dipping waxing. Manual waxing is a conventional wax-adding technique by heating and melting the wax. Dipping waxing uses an immersion technique with a wax dipping unit at a high temperature. These techniques are also called lost wax techniques. Becker et al. evaluated the marginal seal of crowns made from precious metals using manual waxing technique and concluded that precious metals showed favorable clinical results, thus preventing irritation to the periodontium, bacteria accumulation, and infiltration of the thermal conductivity to the dental organ [4] . Similarly, Christensen et al. evaluated the marginal seal of restorations with noble metals and concluded that an interface of 39 μm was clinically acceptable [5] . Foster et al. studied the most common cause of failure in the placement of crowns, finding that an interface of more than 120 μm caused periodontal complications [6] . In clinic, clinically acceptable level marginal fit is thus important. Manual waxing and dipping waxing techniques require technicians to perform detailed craftsmanship. Accordingly, while manual waxing and dipping waxing techniques are used most frequently, several techniques for the preparation of fixed prostheses have developed in order to facilitate greater productivity and better quality.
Currently, the Computer-Aided Design/Computer-Aided Manufacturing (CAD/CAM) system can create polymer patterns for metal casting and thus potentially eliminate the use of traditional wax patterns that inevitably become deformed and require skilled technicians. In theory, this CAD/CAM system allows an adequate marginal seal, providing better clinical success in the long term. This method can also reduce the time it takes to produce a new restoration. However, the quantitative reports of marginal adaptation using this method are limited [7] .
The aim of this study is to evaluate the differences among three techniques of pattern fabrication, namely, manual waxing, dipping wax, and CAD/CAM, by using Scanning Electron Microscopy (SEM).
Materials and Methods

Master Die
A 3 cm by 2 cm, cylindrical mold was made with all-season wax. Self-curing acrylic Jet Set-4 (Lang Dental Manufacturing Wheeling, IL, USA) was poured into the mold for polymerization. Subsequently, the hub was formed with the aim of obtaining prosthetic configuration parallel walls forming chamfer angle of 3˚, with a 2 mm wide shoulder, a base diameter of 8.5 mm, and a stump diameter of 6.5 mm. On the prosthetic shoulder, a notch 1.4 mm wide and 1.5 mm deep was formed with a high speed cylindrical bur (model # 838-ISO139 014-314 FG Ø Standard-blue Banda SS White, Lakewood, NJ, USA). Once the acrylic pattern was prepared, it was casted by nickel-chromium metal alloy (Verabond, Albadent, Cordelia CA, USA). This material was used for this purpose basically because it has a proper wear resistance and good resistance to thermal expansion and contraction. The excesses and impurities were removed and polished finishing on the stump area in a master die (Figure 1(a) : master die).
Once obtained the master die was used for the wax patterns and acrylate polymer (for CAD/CAM) system. For waxing techniques (groups A and B) two layers of varnish spacer (VITA In-Ceram, VITA Zahnfabrik, BadSäckingen, Germany) was applied on the stump without touching the shoulder. A layer of soft paraffin (lubricant Duralay, Reliance Dental, IL, USA) was applied around the wrist as a separator between the spacer and the molten wax.
Manufacture of Wax Patterns
The samples were divided into three groups: group A: manual waxing; group B: dipping waxing; group C: CAD/CAM. Ten samples were made in each group.
In group A (manual waxing), wax patterns were fabricated with modeling wax (StarWax, Dentaurum, Ispringen, Germany) using a conventional wax-adding technique with instruments PKT #1, #2 and #4 by heating, melting and detailing the wax with a Bunsen burner using LPG. Two coats of spacer (25 μm) (VITA In-Ceram, VITA Zahnfabrik, BadSäckingen, Germany) were applied on the stump of master die without touching the shoulder. Blue color molten wax is placed on the shoulder, and green color wax was used to form the rest of the cap. The wax patterns copings were retired with the sticky wax to avoid pressure that can create deformation. The wax patterns were stored in a plastic cup with water at room temperature.
In group B (dipping waxing), wax patterns were fabricated with modeling wax (Wax Dipping, Patterson Brand, IL, USA) using an immersion technique with a wax dipping unit (Hotty LED, Renfert, Hilzingen, Germany) at a temperature of 90˚C. The wax patterns coping were detailed with instrument PKT #4. Two coats of spacer (25 μm) (VITA In-Ceram, VITA Zahnfabrik, BadSäckingen, Germany) were applied on the stump of master die without touching the shoulder. The finished wax patterns were removed from the master die with sticky wax to prevent deformation under pressure and stored in a plastic container with water at room temperature.
In group C (CAD/CAM), the master die was coated with titanium oxide powder (CEREC Powder, VITA Zahnfabrik, BadSäckingen, Germany) and then scanned in a CAD (INEOS Blue, Sirona Dental Systems, Bensheim, Germany). The data were captured and the margin of the prosthetic stump preparation was located and established. The path of placement of the cap was determined and selected to draw up an infrastructure for fixed prosthesis metal-ceramic crown (cap). The acrylate polymer blocks (VITA CAD-Waxx, VITA Zahnfabrik, BadSäckingen, Germany) were processed with the CAM (inLab MC XL, Sirona Dental Systems, Bensheim, Germany). Once the milling process was finished, impurities were removed and cleaned with carbide burs at low speed and air.
Lost Wax Metal Casting Technique
A small sprues was placed on the top of each pattern and make it stay with the inside facing up, and the other end of sprue joined the casting ring base cap. In each base cap were placed ten patterns. The casting rings were positioned over the casting ring to hold the plaster, which flows around the casting. The phosphate coating plaster (StarVest, Emdin, NJ, USA), the plaster handling was carried out according to the manufacturer's instructions, 100 grams of powder per 24 ml of liquid. The powder is attached to the liquid, first mixed by hand and then under a vacuum mixer (Speed Dual Combination Unit, Whip Mix, KY, USA) at low speed (425 rpm) for sixty seconds. After the mixture was made, it was rest for thirty seconds with vacuum conditions, after this time, the casting rings were taken to the vibrator to shed the lining starting with a sharp instrument filling all the patterns in the inside parts and then the rest of the casting rings were filled completely. The casting rings were left at room temperature for thirty minutes while the plaster finish set.
Once theplaster has set, the casting ring capwas removed. This leaved the sprueprotruding from the hardened plaster. The casting ringswerethen placed in an oven to a temperature of about 760˚C -800˚C for 45 minutes to the patterns made of wax and for 70 minutes for acrylate polymer patterns. As the wax and the polymer melted, they leaved a space in the plaster in the shape of the original patterns.
The casting rings were placed one by one in the centrifuge, before casting the metal they were heated with the torch. For the metal casting seven grams of nickel-chrome alloy (Verabond, AalbaDent, CA, USA) were used for each cast ring because this material is used in the confection of the conventional metal-ceramic crowns. Acetylene/oxygen torch was used to melt metal at 1,250˚C. At the end the casted molds were cooled for one hour in a room temperature.
Casted copings were recovered and cleaned, the sprues were removed with a carbide bur and diamond disks using a low speed micromotor to 16,000 revolutions per minute (K.1070 High Speed Rotary Micromotor, Foredom, CT, USA). The copings were sandblasted to fifty pounds of pressure (25 -70 μm/70 -250 μm Classic Basic, Renfert, Hilzingen, Germany) with sand (110 μm and 125 μm COBRA, Renfert, Hilzingen, Germany).
Having perfectly clean samples, we proceeded to place the samples on the master die to check if there were some considerable problems (holes or lack of metal). A total of 30 metal copings (10 each group) were castes and organized by marking them with the letter of the group and the number of the sample.
SEM Analysis Patterns
The method of measuring the interface areas using the SEM followed the specifications of several studies [8] - [12] . Marginal accuracies of the samples were evaluated by performing gap measurements using the Scanning Electron Microscope (JSM-5900LV, JEOL, Japan). The casted sample were individually set to the master die through conductive aluminum tape (Model #77800, Electron Microscopy Sciences, Hatfield, PA, USA) by placing two strips on the outside, one on each side, in order to be placed within the SEM (Figure 1(b) : master die with the casting). The samples were analyzed by SEM by locating the interface between the shoulder of the master die prosthetic preparation and the lower edge of the metal coping. On the SEM images, the minimum distance and the gap area were taken at the 1200× magnification for lower micrometer range values (Figure 2 : a sample view of the marginal adaptation). Three points were randomly chosen for measurement in each SEM image and the distance was measured in micrometer.
Statistical Analysis
For each of the three technique groups, these measurements were taken from ten different samples using SEM A. Sepulveda-Rodríguez et al.
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images. The minimum distances and the gap areas were calculated by using three random, unbiased points for each measurement from the SEM image, and then averaged (total n = 30 for each parameter). The standard deviation (SD) and the coefficient of variation (CV) were calculated. The data were then analyzed by a one-way ANOVA using a software (JMP, SAS, NC, USA).
Results
Abbreviations and Acronyms
The average (standard deviation) minimum distance [µm], was 22.5 (12.1), 9.9 (4.3), and 14.7 (6.6) in groups A, B, and C respectively. In the gap area comparison, there was no statistical significance among groups A, B, and C (p = 0.174). In the minimum distance comparison, there was a statistical significance between groups A and B (p = 0.006). Coefficient of variation (CV) ranged from 43% to 54% in the minimum distance ( Table 1 Averages with the same superscript were not significantly different (p > 0.05); SD: standard deviation; CV: coefficient of variation (CV = SD/average × 100).
The average (standard deviation) of the gap area [µm] was 21,667.2 (2,001.6), 9,906.4 (280.8), and 16,648.8 (146.4), in groups A, B, and C, respectively. In the gap area comparison, there was no statistical significance among groups A, B, and C (p = 0.167). Coefficient of variation (CV) was 5.1% to 16% to in the gap area ( Table  1) .
Discussion
In our study, manual waxing, dipping waxing, and CAD/CAM techniques were compared. The wax patterns were stored in a container with water at room temperature in accordance with the parameters reported by Rezaei et al. [13] . Our results are consistent with the findings of Yeo et al.'s, as both studies compared three systems for the fabrication of ceramic crowns using a control group of metal-porcelain crowns [14] . Yeo et al. reported that the technique of lost wax sealing found less than 120 μm of marginal gap [14] . Foster et al. suggests that an adequate marginal seal of a crown may include a marginal gap up to 120 μm [15] , believing that excessive gap may cause caries, periodontal lesions, erosion, and dissolution of cements. In the present study, the average of the three different techniques was less than 100 μm in the maximum distance comparison, suggesting that all three techniques are clinically acceptable. Our interest to observe the minimum distance was that if we considered the thickness of the bonding agent or cements for seating a crown, perfect adaptation such as 0 μm of marginal gap, it may negatively affect the bonding and stress concentration leading to fracture. In this respect, our results eliminated these concerns.
CAD/CAM has been reported to generate defect-free dental restorations by using prefabricated high quality industrial materials, thus reducing the time-cost and improving productivity [16] . The premise that the CAD/ CAM system generated restorations free of defects is uncertain, especially because two major steps, the scanning and digitalization of the model image and the carving of the material by drilling, can both lead to errors. Is further understood that repeating the same restoration with this system have minor differences between these as shown in our study, albeit insignificantly. Kohorst et al. reported that the absolute marginal discrepancy mean value in Digident CAD/CAM system was 58 μm and in other CAD/CAM systems ranged between 183 and 206 μm [7] . Our study result falls into between Digident and other CAD/CAM systems of Kohorst et al.'s study [7] . Further improvement of marginal adaptation of CAD/CAM is expected in the future by replacing dipping wax technique by CAD/CAM system. Another point of view, it is that the cost of the patterns made by CAD/CAM systems can result in expensive final restoration compared with the conventional wax patterns.
The wax patterns produced by conventional methods used in our study depend largely on the ability of the technician, besides that by repeating the same restoration, find differences between them when compared, since the ability is involved, so manipulation such as the type of material of wax patterns and polymer used in the CAD/CAM system, although they are insignificant to the final results of the restoration for the clinical implications.
Within the limitations of this in vitro study, the marginal adaptation of the metal crowns made with dipping wax patterns was statistically more significant than the crown made with manual waxing in the minimum distance measurement. There was no statistical difference in the marginal adaptation between the metal crowns made with manual waxing and CAD/CAM patterns. As noted in Table 2 , the recorded coefficient of variation (CV) in this study was higher in groups of the minimum distance than in groups of in the gap area, indicating high scatter in data. It is speculated that the statistical significance only in the minimum distance comparison relates to CV. There was a low CV(%) in gap area in comparison minimum distance and this can be interpreted as a few difference between the samples of each group. 
Conclusions
With the limitations of this study, further investigations are needed to increase sample size and improve random measuring point selection method or measure the complete diameter of the crown.
In conclusion, the marginal adaptations of all three techniques were within a reported clinically acceptable range of margin.
